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r M.Ar^^il «Decific antibodies by means of 
THE manufacture "fP^^^f^'fi^^s of general interest. There 
P^anent tissue cu ture «!, '^"^^^^^Jf^ ^nt culture of 
P^e at present f.^^f^-^^S^^g procedures have been used to 
mveloma ccUs>'« and screciuiiB ^ j^. however, is 

antibody ^^nv^y m 
'^ot a satisfactory sour« of monc«^^^^^^^ ^ ^^^j^^ ^ 

- "pecificity.-We descrj^ '^'^ch s'^tri-ntrsheep ^^-blood 
,g;,c culture cell ' "f ^nes are made by fusion of a 

ceU(SRBC) ant.l«d^es^TJe«»^ immunised 
mousp. myeloma '^^sion and interactions of the 

donor. '^o^^'^'^'ir^^J'^tnS^^Lion experiments between 
Ig chains from the pan^tri ^^^^ ^„i^^ out. 
two known mouse myeloma 1^^^ ^^^^ integrated 

Each immunoglobuto^ham ^^^^^^j^^^ 
expression of one of sevenU '^^ ^^ ^^11 expresses only 

for its variable and 'P"f "» exclusion; reviewed in 

one of the two P««'"' ^'"Joducing cells are fused, the 
ref. 3). When two '^"'^y;?'^^ expressed*-*, and although 
'products of both p^^ a ^^^^^'^^^.^^ y,^ are randomly 
rhelightandhwvy ctamsof DO n p ^ ^^.^^^ ,^ 

joined, no evidence '^^"^^;'S*i„ ^n heterologous system 
^.bserved.. -^^.'^f^^^to^ An, have now been con- 
s' ^S^Iw^mySJ^ clU of the same mouse stnun. 




■A. .h,. hackuround for the derivation and under- 
and provide '♦^l^f ^""^n- hybrid lines in which one of 
standing °f Sod^producing spleen cell, 

the parenta cells . ^^^-J'^b/l^/c origin were used. PlBul 
Two ' ''"",r^,oxyur dineS does not grow in 

is resistant protein, 
selective medium (HAT. rci-o, a Synthesis is not 

t''} "^-.rd tee llS cSnl 2re' alio secreted. The second 
ba anced f^J[lf^T\^^^^ from P3 cells', is resistant to 
cell line, P3-X63Ago, prcp- j^^^ medium. 

20 Hi ml-' S-azaguanine and does not grow in n« 



495 

The protein secreted (MOPcT^ - ^,;> -JSi^L'^S 
fully sequenced'-'. Equal numbere of cells iro^ 
,i„e were fused using '""^"^"^^J'^J^'J^e medium in 
con.ining IxlC cells ^^.8^^Vsh« showed growth In 
separate dishes. Fo"', jLl ?aken « independent hybrid 
selective medium ^"•l',*'*^ .^fl^e SSnlvents. The karyotype 
lines, probably ""^ cClture was just under the 

of the hybrid cells after 5 Figure 1 shows the 

sum of the two Parental lines (Table l^ 
isoelectric focusing" (lER P« ^^^^^n FiJ. D give a 
different lines. The hybrid '^^I'^^^^^j^P', parent (- and « or a 
much more complex pattern .'J^".^',^?^!^ ^, feature of the _ 
mixture of the parental l.n« (m).^^ '™P^» T. irt^ws). 
new pattern is the presence of j.^b^ihe result of 

These new bands, however, do by the lEF 

differences in primary structure; th^ 's '^'^^^^^ heavy 

pattern of the P-J-« ^^^Ef" t\t^ 
and light chains (Fig. ^o the sum of the lEF 

hybrid clones (Fig. IB. >s "^"X^^enjal clones with no 
pLtern (« and b) of chai^ °VSncCe Sat. as previously 
evidence of extra P^o«*.»^»\; Jrj?ds«°. ^ Ig molecules are 
shown with interspecies hybrids • V**" JJ^^ heavy and 
'produced as a result of p?oSt^ntn»«ll«to 
light chains from the two P^'f""' JJ''* j^^^^to such hybrid 
as a mixed cell population do« not must 
molecules (compare m and Fig. I /I J- ^^^,4 shows 

therefore be able to express both 'SO»y^| idiotype 
that in hybrid cells the "P'^"'" °^ "o'^^l'K heavy chain 
does not exclude the expression of anoiner. 



Fig. 1 Autoradiographof teWted compj^ 
nints secret^ by ^'""fS^^Md ate 
lines analys^ 'gelif 'L^'TciM in the 
reducuon (B). Cel^« J ,he supemaunt 

the supernatant ^^!^^^^ TI M 
37 'C in the Prfe"* oot^S^ phos- 

-sir^rbet^bSiig'^to*.^ 

slab. |^g«r.Tp3X«Ag?^A*!J^ 
in: a. PlBul ; ^^^ViBS'^n-XeyAa» 
of equal number O', ""vJ!fi_i.Dende^ 
cells/ Supemauuits from two iw»e^«w»2i 

subclones from Hy-J . * ^T-iiVa out*** wng 
from Hy-B. Fusion out uimg 

10« cells of each Pa!**"?! J^JS SccKUi 

haema^^ierSir.^^^-?^ 
virus (Searie). *-eini '"i* s-oafately in 

equal samptes 6). 
and Hy.3 ^jg^^^^v^" ""'^ 



sotypes (.1 and ^^^^ .^^^^^^J^Xo^i ^^^^^''^^ 
(idiotypes) are "P^«?*f-.7^f«'^ffor the expression of both 

;^re"nJk;"rr^ior ^^^^^ ^ """'"^"'^ 

link between the ^"J.*;."?'" ^^wed from different hybridi- 
Figure 1 A shows t>»^» ' mfuS^ of one line are indistin- 
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Fi^l^Hsolation of an anti-SRBC antibody, 
secreting cell clone Activity was revealed by 
a halo of haemolysed SRBC Direct plaques 
given by: o, 6.000 hybrid cells Sp-l ; clones 
grown in soft agar from an inoculum of 2,000 
Sp-l cells; c, recloning of one of the positive 
clones Sp-1/7; rf, higher magnification of a 
positive clone. Myeloma cells (10' P3-X67A 
g8) were fused to 10" spleen cells from an 
immunised BALB/c mouse. Mice 
munised by intraperitoneal ii^jection of 02 nU 
packed SRBC dThited 1:10. bocwted after 1 
month and the spleens coUected 4 d toter. 
After fusion, cells (Sp-l) were mswn for 8 d 
in HAT medium, changed at 1-3 d "ntajvah. 
Cells were then grown in Dulbecco "jodihed 
Eaglc-s-medium, supplemcnted-for 2 
with hypoxanthinc and thymidine. For^<lay» 
after fusion the presence of anti-SRBC act- 
ivity was revealed as shown in o. The ra UOOT 
plaque forming cells/total number of hybrid 
cells was 1/30. This hybrid cell population 
was cloned in soft agar (50% clonma «- 
ficiency). A modified plaque assay was used to 
reveal positive clones shown in b-d as roliowt. 
When cell clones had reached a suitable ««, 
they were overlaid in sterile conditiom wm 
2 ml 0.6% agarose in Phosph^j-brfTered 
saline containing 25 |il P«*ed SRBC Md 
0.2 ml fresh guinea pig serum (absorbed wrtn 
SRBC) as source of complement. J. Taken 
after overnight incubation at 37 •C. Tlj! ratio 
of positive/total number of clones was 1/33. A 
suitable positive done was pidced out and 
grown in suspension. This clone was calBea 
Sp-l/7, and v^ras rectoned as shown in c ; c¥er 
90%of the clones gave positive lysis. A second 
experiment in which I0» P3. X67Ag8 celte w« 
fused with 10» spleen cclU v«s the source of 
a clone giving rise to indirect plaques 
Sp-2/3-3). Indirect plaques were pij^iuood by 
the addition of \ M sheep anti-MOPC 21 
antibody to the agarose overlay. 



in the ratios of the different chains and occasionally with the 
total' disappearance of one or other of the chains. Such events 
are best visualised on lEF analysis of the separated chains 
(for example. Fig. lA, in which the heavy chain of P3 is no 
longer observed). The important point that no new chains arc 
detected by lEF complements a previous study* of a rat-mouse 
hybrid line in which scrambling of V and C regions from the 
light chains of rat and mouse was not observed. In this study, 
both light chains have identical regions and therefore 
scrambled Ku-Ci. molecules would be undetected. On the other 
hand, the heavy chains arc of different subclasses and wc 
expect scrambled K„-Ch to be detectable by lEF. They were 
not observed in the clones studied and if they occur must do 
so at a lower frequency. We conclude that in syngeneic cell 
hybrids (as well as in interspecies cell hybrids) K-C integration is 
not the result of cytoplasmic events. Integration as a result of 
DNA translocation or rearrangement during transcription is 
also suggested by the presence of integrated mRNA molecules" 
and by the existence of defective heavy chains in which a 
deletion of V and C sections seems to take place in already 

committed celU". . ^ u a 

The cell line P3-X63Ag8 described above dies when exposed 
to HAT medium. Spleen cells from an immunised mouse also 
die in growth medium. When both cells are fused by Sendai 
virus and the resulting mixture is grown in HAT medium, 
surviving clones can be observed to grow and become estab- 
lished after a few weeks. Wc have used SRBC as immunogcn, 
which enabled us. after culturing the fused lines, to determine 
the presence of specific antibody-producing cells by a plaque 
assay technique" (Fig. 2fl). The hybrid cells were cloned in 
soft agar" and clones producing antibody were easily detected 
by an overiay of SRBC and complement (Fig. lb). Individual 
clones were isolated and shown to retain their phenotypc as 
almost all the clones of the derived purified line are capable of 
lysing SRBC (Fig. 2c). The clones were visible to the naked 
eye (for example. Fig. Id). Both direct and indirect plaque 



assays" have been used to detect specific clones and repres^U- 
tive clones of both types have been characterised and studi^. 

The derived lines (Sp hybrids) are hybrid cell lines fortlw 
following reasons. They grow in selective medium. Their 
karyotype after 4 months in culture (Table 1) is a little smalto 
than the sum of the two parental lines but more than twice the 
chromosome number of normal BALB/c cells, indicating that 
the lines arc not the result of fusion between spleen celU. in 
addition the lines contain a metacentric chromosome atao 
present in the parental P3.X67Ag8. Finally, tlw! secreted 
immunoglobulins contain MOPC21 protein in addition to new. 
unknown components. The latter presumably rcpweot ttic 
chains derived from the specific anti-SRBC antibody. Figure 3^ 
shows the lEF pattern of the material secreted \ay two such 
Sp hybrid clones. The lEF bands derived from the parental P3 
line arc visible in the pattern of the hybrid cells, altnoui^ 
obscured by the presence of a number of new 
pattern is very complex, but the complexity of hybrids of this 
type is likely to result from the random recombination oT 
chains (see above. Fig. 1). Indeed. lEF patterns of the reduced 
material secreted by the splecn-P3 hybrid clon^ gave ""^plCT 
pattern of Ig chains. The heavy and light chains of the ra 
parental line became prominent, and new bands were apimrent. 

The hybrid Sp-l gave direct plaques and this suggested that 
it produces an IgM antibody. This is confirmed in Fig. 4 whidt 
shows the inhibition of SRBC lysis by a specific anti-lgM 



Table 1 Number of ch romosomes in parental and hybrid cell line 

Number of chromosomes per cell Mean 

66,65,65,65,65 « 

Ref. 4 « 

40 

112,110,104,104,102 106 

93,90.89,89,«7 W 

97,98,96,96,94,88 95 



Cell line 
P3-X67Ag8 
PI Bui 

Mouse spleen cells 
Hy-B(Pl-P3) 
Sp.1/7.2 
Sp-2/3-3 
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.-Hodv lEF techniques usually 'u<^t reveal 19S IgM 
antibody. j^^^fo^ unlikely to be present in the 

; imlle a (Fig 3fl) but u chains should contribute^ 
unreduced sample fl (P«g. -^^^^^ ^ Pig 3^). 

,o,he P»"""^S show that cell fusion techniques are a 
'^''^^''f 1 m nJodur^P«:ific antibody directed against a 
^werful \°°V«n^een Tt fSer shows that it is possible to 
P^**''"rKH5 nn« producing different antibodies directed 
St KaleTnti^n and Uing different effector func- 

f^ns (direct and '"^'[.f,; pj.^ hybrid cells seems 

The uncloned popu^ on "J ^ P^^.^.j^^ procedures it 

'"f^d t'XiWe toSe tissue culture cell lines making 
''?S" n.^l«^ of antibody. To facilitate our stud.es we have 
different cla^^qr ^ntjp y ^j,;-^ i,3^,f produced an Ig. 
used a myeloma^ parental jme ^^^^^^ 

variants mwh^h one o^^^^^^ «he case of P1-P3 hybrids 

^^^!^lSc\>s antigen. Three different fusion experiments 
WeusedSRBCasamigra number of antibody- 

puSSli ^L^t^iSVr th^ initial fusion. 33/1.086 






F„.3 Auton^diographoflaWM^^^^^^^^ 




Fig. 4 Inhibition of haemolysis by'.nUbodyse^ed^^ 
for medical and industrial use. t # • 
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